Abstract The purpose of this study was to evaluate differences in heart rate recovery (HRr) in trained and untrained adults, while assessing the role of physiological and emotional factors. Eighteen untrained and 21 trained participants completed a maximal exercise test and a 20-min treadmill exercise at 55-70% heart rate reserve, and emotional state was assessed prior to exercise. Multiple regression was used to assess relationships between heart rate recovery and physiological and emotional assessments. The trained group had a higher relative maximal oxygen consumption (p < 0.001), lower resting heart rate (p < 0.001), and faster short-and long-term heart rate recovery (p < 0.05) than the untrained group. Resting heart rate was the most predictive measure with HRr for the trained group (R = 0.551-0.818), whereas resting heart rate, maximal heart rate, and fitness were predictors of recovery in the untrained group (R = 0.764-0.977). The results show the predominant parasympathetic influence on HRr in the trained group, but indicates influence of fitness and exercise intensity on recovery in the untrained group. Thus, fitness appears to influence HRr in those only with low fitness. This notion may help influence the behavior of untrained individuals to improve fitness to reduce risk of mortality and morbidity.
Introduction
Heart rate recovery (HRr) is a measure of parasympathetic response to exercise and is modifiable with aerobic training (Kokkinos et al., 2012; Matsuo et al., 2014) . Onset of exercise increases sympathetic activation, which increases heart rate (HR) with consideration to exercise demand (Pierpont, Adabag, Yannopoulos, 2013) , and parasympathetic reactivation occurs at the cessation of exercise and reduces HR back to resting levels. Although not entirely understood, the influence of parasympathetic reactivation is supported by the physiological response of plasma norepinephrine that peaks approximately one to two minute post-exercise (Pierpont et al., 2013) . HRr is utilized as a prognostic indicator of mortality risk, with a delayed parasympathetic response indicating higher #0# graded exercise test (GXT). Height was measured using a standard stadiometer. Weight and body composition was measured using bioelectrical impendence analysis (BIA) using the InBody 570 (Biospace, Cerritos, CA). Resting heart rate and blood pressure were measured manually using standard procedures after the participant had been seated for at least five minutes. Participants completed the psychological assessment using the online version of the POMS questionnaire (Mackenzie, 2001) . Mood states of anger, confusion, depression, fatigue, tension, vigor, and total mood disturbance were used to determine the participant's psychological state prior to exercise. These moods have been shown to be stable in various scenarios (Bourgeois et al., 2010; Mackenzie, 2001; Pronk, Crouse, Rohack, 1995) . Mood scores were totaled to determine the disturbance (-32-200) of the participant, with a high positive number indicating an angry or sad mood, and a high negative number indicating a happy or excited mood (Mackenzie, 2001; Weinberg, Gould, 2011) .
For the maximal GXT, the Bruce protocol was used for the untrained participants, and a modified test was used for the trained participants, wherein they ran at a challenging pace and treadmill incline was increased 2% every three minutes, until volitional exhaustion. During the GXT, oxygen consumption (VO 2 ) and carbon dioxide production were measured using a metabolic analyzer (Parvomedics, Sandy, UT). HR was measured via a Polar Chest Strap (Lake Success, NY), and was monitored for five minutes post-exercise. After completion of the GXT, participants completed a 2-min cool-down walking at 1.12 m•s -1
, and then sat in a chair for three minutes to obtain five full minutes of HRr.
The participants returned for the second testing session 48 hours after the initial session, and completed a 20-minute treadmill exercise at 55-70% HR reserve. HR was again measured using the Polar chest strap. After completion of the 20-minute exercise, participants walked at 1.12 m•s -1 for two minutes and then sat in a chair for an additional three minutes. HR was monitored for the duration of the exercise and post-exercise for 5 minutes.
Absolute HRr was calculated by subtracting HR measurement post-exercise heart rates from the peak HR obtained during bout. Relative HRr was calculated by dividing the absolute HRr by peak HR and multiplying by 100. Recovery HR measurement were taken 2-and 5-min after the GXT, and 1-, 2-, and 5-min after the submaximal bout.
Statistical analysis
Statistical analysis was done using SPSS (Chicago, IL), with an a priori alpha level set at 0.05. Tests for normality were run prior to the parametric assessments. Multivariate analysis of variance (MANOVA) was used to evaluate group differences in HRr, body composition, BMI, resting hemodynamics, VO 2 max, and POMS scores. Multiple step-wise regression was used to assess which variables (e.g. resting HR, VO 2 max, BMI, body composition, mood states) were related to HRr after the maximal GXT (2-and 5-min HRr) and submaximal exercise (1-, 2-, and 5-min HRr). Data are presented as mean ± standard deviation (SD). Effect size of group differences was calculated using Cohen's d and 95% confidence intervals. Interpretation of effect sizes was as follows: 0.2 was considered small, 0.5 was considered moderate, and 0.8 or larger was considered large (Kazis, Anderson, Meenan, 1989) .
Results

Group differences
The MANOVA revealed a significant main effect between groups (Lambda 9,29 = 0.238, p < 0.001; Table 1 ). Specifically, the groups were statistically different in mass (F 1,37 = 21.55, p < 0.001), resting HR (F 1,37 = 15.527, p < 0.001), percent body fat (F 1,37 = 62.799, p < 0.001), and BMI (F 1,37 = 44.982, p < 0.001). Additionally, the POMS score for vigor was found to be significantly different between groups (F 1,37 = 6.754, p = 0.013). Of particular note, is that the untrained group can truly be considered obese as the mean BMI is considered obese and the mean percent body fat would be classified as poor to very poor regardless of age and gender (Riebe et al., 2017) .
Significant group differences were found at the first testing session for relative VO 2 max (F 1,37 = 47.671, p < 0.001), absolute HRr at 2-minutes post-exercise [ Figure 1 ) showed a similar rate of recovery during the three minutes between short-and long-term recoveries. Effect sizes for these specific differences are all considered large. It is noteworthy that the untrained group's mean VO 2 max is classified as poor to very poor regardless of age and gender to indicate that this truly was an untrained group (Riebe et al., 2017) . Additionally, the untrained group had significantly slower HRr than the trained group at both time points, indicating a higher risk of all-cause mortality. For the second testing session (Figure 2 ), significant group differences were found for absolute HRr at 1-minute post-exercise [ 
Regression analyses
The regression analyses revealed significant predictors of HRr for both groups (Table 2) . Resting HR was a significant primary predictor for short-term HRr for the trained group. Peak HR, primarily for short-term recovery, and mean HR, only after submaximal recovery, also showed to be significant predictors for this group. Interestingly, none of the variables were statistically significant for the 1-min HRr after the submaximal exercise. For the untrained group, resting HR was also the primary variable for predicting HRr, but other variables such as peak HR (mostly in long-term recovery), VO 2 max, mean HR, age, and body fat (all significant with recovery after submaximal exercise) were also significant predictors. HRr was not significantly related to POMS for either group at any time point. Of particular note is that R-values tended to be higher in the untrained group than the trained group, indicating greater predictive value and influence of the physiological variables on HRr. 
Discussion
The trained group had a significantly faster absolute and relative HRr and a higher relative VO 2 max than the untrained group. This was demonstrated both in the maximal testing session, as well as the submaximal exercise session, and these findings are consistent previous research (Borresen, Lambert, 2008; Brinkworth et al., 2006; Brown, Brown, 2007; Bunn et al., 2017; Carroll et al., 2012; Dixon, Kamath, McCartney, Fallen, 1992; Lamberts, Swart, Capostagno, Noakes, Lambert, 2010; Sugawara, Murakami, Maeda, Kuno, Matsuda, 2001) . Interestingly, the graphical representations of the absolute and relative HRr show that the gap in recovery between the two groups tends to be the same regardless of the time point (Figures 1 and 2 ). This indicates that the two groups have the same slope and pattern of recovery. The trained group recovered faster within a shorter time frame after exercise than the untrained group, but the untrained group was able to keep up with this "recovery pace" during the longer recovery period. These results agree with data previously published by Pierpont et al. (2013) .
Results also showed a difference in resting HR and no difference in peak HR between groups. Resting HR was expected to be lowered in trained individuals, indicating a greater parasympathetic tone and CV efficiency. This further demonstrates the significant improvements that can be made to resting HR and HRr with regular CV training (Georgiopoulou et al., 2012; Matsuo et al., 2014; Thomson et al., 2010) . No difference between groups for peak HR indicates that both groups worked at approximately the same intensity during both exercise sessions, which is important to address with recovery. The POMS score for vigor is the last group difference of note. The higher score for the trained group indicated higher robustness, stamina, and a more positive outlook. In theory, this outlook could indirectly influence autonomic control on the heart, but the multiple regression analysis from the present study does not support this concept. This suggests that, while different between groups, mental state had no effect on HRr. This result does not agree with research among competitive athletic teams that emphasizes mental health status being a significant predictor of performance and recovery (Crust, Clough, 2005; Kuan, Roy, 2007) .
Detailed analysis of the trained group revealed that resting HR was the most common predictor of HRr shortly after (2-min) exercise. Resting HR is primarily controlled by intrinsic factors and parasympathetic influence (Daanen, Lamberts, Kallen, Jin, Van Meeteren, 2012) , and trained individuals tend to have a stronger vagal tone than untrained. Thus the correlations between short-term HRr and resting HR for this population shows dominance of the parasympathetic nervous system very quickly post-exercise (Coote, 2010) . Long-term HRr (5-min) was linked with maximal HR, providing a greater indication that intensity and duration of the exercise is more influential on this longer portion of recovery (Hautala et al., 2001; Murrell et al., 2007) . The untrained group showed similar trends in that resting HR and maximal HR were strong predictors of both short-and long-term HRr respectively. Other factors like VO 2 max, mean HR, age, and body fat showed to be predictors of HRr for this group after submaximal exercise. There have been mixed results in the literature with these factors. A previous study showed no correlation between VO 2 max and HRr in recreationally trained individuals (Bunn et al., 2017) , but another study showed that VO 2 max and physical activity participation were correlated with HRr in trained persons, with the stronger predictor of HRr being physical activity participation (Lee, Mendoza, 2012) . Collectively these data suggest that perhaps after one reaches at least a threshold of "average" VO 2 max, then level of fitness is no longer a significant predictor for HRr. More research on this hypothesis needs done to prove the merit of this concept.
As a direct comparison between those persons of higher body mass and lower body mass, this study makes some assumptions about the level of physical fitness in each group. This could be identified as a limitation in study design, as the groups may not be truly different in their health status as determined by mass and BMI alone; though the statistical difference between groups and large effect sizes help to mitigate those assumptions. Another limitation may be that assessment of psychological variables was completed only prior to activity participation. This single assessment before each session does not assess any potential changes in participant mental state after completing exercise, and may contribute to the absence of vigor as a contributing factor to HRr.
Using the data from this study, further assessment of a potential link between HRr and psychological state of the participant is useful, as it still may be a valuable tool when evaluating a patient for total body wellness and fitness and the "before and after" effect of exercise on mental health and physiologic markers of fitness. Additionally, it may be beneficial to further explore if a physical activity participation and/or CV fitness level threshold exists in relation to healthy HRr. Diseased and disabled populations could use this information to reduce their risk for allcause mortality.
Conclusion
This study further bolsters the growing body of literature that uses HRr as a predictive tool for overall health, demonstrating that a group of trained participants has a quicker HRr after maximal and submaximal exercise relative to an untrained population. It also reinforces the physiologic theory that HRr is modifiable with regular CV exercise. Yet, it poses additional questions about a threshold in activity participation and fitness for optimal HRr, as well as questions regarding mood status and its relationship to fitness and health, and further exploration of those theories is still needed.
